Invasion and angiogenesis are two major pathophysiological features of malignant gliomas. Antiangiogenic treatment lead to enhanced tumor cell invasion and metastasis. In the current study, we tested invasion and angiogenesis related mRNA expression profiles of glioma cells via RT2Profiler PCR Array by employing an in vivo 9L homograft glioma tumor animal model and an in vitro hypoxic cell culture model. The miRNA profile was also obtained via miRNA array. Genes with mRNA expression that changed significantly in the mRNA array were selected to predict possible miRNAs that regulate mRNA expression using the TargetScan database, and were then matched with miRNA array results. Based on these criteria, NRP-2 with the matching miRNA miR-15b, and MMP-3 with the matching miRNA miR-152 were selected for further study, and to determine whether they regulate tumor microenviroment changes and affect glioma angiogenesis and invasion. The protein expression of NRP-2 and MMP-3 were verified in 9L glioma cells and were negatively correlated to miR-15b and miR-152 level, respectively. Rat astrocytes (primary and cell line), when co-cultured with 9L glioma cells, showed significantly elevated NRP-2, MMP-3 expression and reduced miR-15b, miR-152 expression compared to non co-cultured astrocytes. Luciferase activity assay confirmed that miR-15b and miR-152 attenuate expression of NRP-2 and MMP-3 protein by binding to NRP-2 and MMP-3 transcript, respectively. In vitro invasion assay data showed that miR-15b and miR-152 significantly decreased 9L cell invasiveness. Anti-miR-15b and anti-miR-152 inhibitors counteracted the inhibition of invasion caused by miR-15b and miR-152. In vitro tube formation assay data showed that miR-15b, but not miR-152, reduced tube formation in cultured endothelial cells, and antimiR-15b inhibitor counteracted the inhibition of tube formation caused by miR-15b. A preliminary pathway study indicated that miR-15b and miR-152 deactivated the MEK-ERK pathway via NRP-2 and MMP-3 in 9L cells, respectively. In conclusion, our current study indicates that miR-15b reduces invasion of glioma cells and angiogenesis via NRP-2, and miR-152 reduces invasion of glioma cells through MMP-3.
Introduction
Gliomas are both highly vascularized and invasive, and characterized by high incidence of recurrence and poor prognosis [1] . Tumor cells that have migrated from the primary site of malignant gliomas result in the nearly inevitable recurrence and tumor progression seen clinically [2; 3] . Rapid dissemination of single tumor cells throughout the brain underlies a great propensity for tumor recurrence, often rendering gliomas incurable by surgical removal, even when combined with adjuvant radiation and chemotherapy. Marked increase in blood vessel formation (angiogenesis) is another key characteristic of malignant gliomas. Glioma cells clearly need the vasculature for the delivery of nutrients and oxygen, which is crucial for tumor growth and colonization in the brain [4; 5] . Glioma blood vessels show endothelial cell proliferation which is a key feature of high grade gliomas in the WHO grading system [5; 6; 7] .
Systemic therapy with anti-angiogenic treatment can modulate patterns of tumor invasion [8; 9; 10] . Antiangiogenic therapy can lead to enhanced tumor cell invasion and metastasis [8; 9; 10; 11; 12; 13] . Glioblastoma Multiforme (GBM), for example, when targeted with anti-VEGF agents, becomes more invasive [8; 11] . Orthotopic glioma models showed that antagonization of neovascularization could cause increased tumor cell migration, preferentially along preexisting host vessels [8; 14] . Although the exact mechanisms responsible for this increased invasiveness are unknown, it has been speculated that a decreased supply of oxygen and nutrients may act as a stimulus for tumor cell migration [13] The formation of abnormal tumor vasculature and glioma cell invasion along white matter tracts are believed to be the major factors responsible for the resistance of these tumors to treatment. Therefore, investigation of both angiogenesis and invasion in glioblastoma is essential for the development of a curative therapy. miRNAs are short single-stranded RNA molecules that function as master regulators of gene expression by post-transcriptional modifications of target mRNAs [15] . The pattern of regulation of gene expression is sequence-specific. MiRNAs bind to 3′ untranslated regions (3′-UTRs) of mRNAs and then reduce the translation and/or stability of that mRNA, leading to a reduction in protein levels. Based on the unique feature of their targeting, miRNAs may have many targets [16] , and, thus, control a large number of proteins. miRNAs are integral to many biological processes. In tumor cells, miRNAs may serve as either oncogenes or tumor suppressors [17; 18] . Dysregulation of miRNAs promotes malignancy of glioblastoma and contributes to cell proliferation, invasion, and angiogenesis and glioma stem cell multipotency and survival [19; 20] .
Material and Methods

Cell line and cell culture
The rat glioma cell line 9L was obtained from the American Type Culture Collection (Manassas, VA). The cells were grown in Dulbecco's modified Eagle's medium (Invitrogen) supplemented with 10% fetal bovine serum, 50 units/ml penicillin, and 50 μg/ml streptomycin. The 9L cells were maintained in a humidified 37°C incubator with 5% CO2, fed every 3 days with complete medium, and subcultured when confluence was reached.
miRNA and anti-miRNA inhibitor transfection
Transfection of the miR-15b, miR-152, anti-miR15b inhibitor, anti-miR-152 inhibitor (Applied Biosystems), and inactive (scrambled) control cel-mir-67 (Thermo Scientific Dharmacon, IL, USA), or pMIR-Report vectors was performed using Lipofectamine 2000 transfection reagent (Invitrogen, CA, USA) with 300 nmol of miRNA or 1 μg/ml DNA plasmid, respectively.
In vitro invasion assay
Matrigel invasion assays were used to assess the ability of the 9L cells to penetrate the Extra Cellular Matrix (ECM) in the presence or absence of miRNA and inhibitor. Invasion of cells through Matrigel was determined using 24-well invasion chambers (8.0μm pore size with polycarbonate membrane; BD Biosciences, Cowley, UK) in accordance with the manufacturer's instructions with the following modifications [21] . BD invasion chambers were pre-hydrated with serum-free DMEM (500μl/well) for 2h of incubation at 37°C in 5% CO 2 . After trypsinization, 9L cells with different treatment were suspended in medium without serum (500μl) in a concentration of 1×10 5 cells/well and immediately placed onto the upper compartment of the plates. Subsequently, the lower compartment was filled with complete medium (750μl). The cells were incubated for 24 h. Following incubation, the non-invading cells were removed from the upper surface of the membrane by wiping with cotton-tipped swabs. Cells on the lower surface of the membrane were stained with CellTracker Green (Molecular Probes, Eugene, OR) for 45 minutes and fixed in 4% paraformaldehyde. Five fields of adherent cells were randomly counted in each well under a fluorescent microscope at 4X magnification, and the results were numerically averaged and counted. The invasion index for each treatment was calculated by dividing the number of invading cells by the number of cells that invaded under the control group. Invasion index was expressed as percentage of control value.
Capillary-like tube formation assay
Briefly, 0.1ml growth factor reduced Matrigel (Becton Dickinson) was added per well, and mouse brain endothelial cells (MBECs) (2×10 4 cells) were added and incubated in media from different treatments. All assays were performed in n=6/group. For quantitative measurements of capillary tube formation, matrigel wells were digitized under a 4x objective (Olympus 1×71) for measurement of total tube length of capillary tube formation using a video camera (Roper scientific) interfaced with the MCID image analysis system (Imaging Research, St. Catharines, Canada) at 6 hours [24] . Tracks of endothelial cells organized into networks of cellular cords (tubes) were counted and averaged in randomly selected 3 microscopic fields. The total tube length was calculated by MCID in each field. The tube formation index was expressed as tube length (mm) per mm 2 area.
Western blot
Cultures were rinsed with PBS and proteins were extracted in 500μl RIPA lysis buffer. Equal amounts of protein, as determined using the BCA (bicinchoninic acid) protocol (Pierce, Rockford, IL), were loaded on 10% Bis-Tris Gels (Invitrogen, Carlsbad, CA) after being denatured. The proteins were then transferred to Invitrogen PVDF membranes (Invitrogen, Carlsbad, CA). The membranes were blocked at RT for 1h with 5% BSA in TBS-T (10mM Tris-HCl, pH 7.6 and 150mM NaCl, 0.1% . Afterward the membranes were incubated with primary antibodies in 3% BSA at 4 °C overnight. The membranes were washed with TBS-T and incubated for 1h at RT with horseradish peroxidase (HRP)-conjugated secondary antibodies (Bio-Rad Laboratories, Hercules, CA). Following washing, the immunoblots were detected using a SuperSignal West Pico Chemiluminescent Substrate kit (Pierce, Rockford, IL). The experiment was repeated in triplicate. β-actin was used as the internal control.
Laser-capture microdissection of 9L glioma model in Fischer rat
Fischer rats were anesthetized with ketamine (80 mg/kg) and xylazine (13 mg/kg), fixed in a stereotaxic device, and 5×104 9L cells were injected using a 10μL Hamilton syringe (5 μl volume). The craniectomy was covered with a film of polyvinyl chloride glued to the surrounding intact bone. Animals were sacrificed 4 weeks post-implantation. Brain coronal cryosections (10μm) obtained from rats subjected to 9L tumor implantations were mounted on LCM membrane slides (Leica Microsystems, Wetzlar, Germany). To identify tumor rat brain slice were stained with H&E, approximately 100,000 tumor cells were collected by an LMD 6000 system (Leica Microsystems). The same number of non-tumor cells collected from the homologous tissue in the contralateral hemisphere was used as control ( Figure 1A ). Cells were lysed in Qiazol reagent (Qiagen, Valencia, CA); total RNA was isolated immediately after cells were collected.
MiRNA luciferase assay
Position 1798-1804 of the NRP-2 3′-UTR is a predicted interaction position of miR-15b. We cloned an 80-bp sequence containing the predicted binding site or a scrambled sequence downstream of the pMIR luciferase reporter to generate pMIR-NRP2 and pMIR-mut-NRP2 vectors, respectively. Luciferase assays were carried out in 9L cells. First, cells were cotransfected with appropriate plasmids with either miR-15b miRNA mimic or control celmir-67 mimic in 24-well plates. Anti-miR miRNA inhibitor was also employed to transfected into 9L cells with miRNA mimic. Position 121-127 of the MMP-3 3′-UTR is a predicted interaction position of miR-152. We cloned an 80-bp sequence containing the predicted binding site or a scrambled sequence downstream of the pMIR luciferase reporter to generate pMIR-NRP-2 and pMIR-mut-NRP-2 vectors, respectively. Luciferase assays were carried out in 9L cells. First, cells were co-transfected with appropriate plasmids with either miR-152 miRNA mimic or control cel-mir-67 mimic in 24-well plates. Anti-miR miRNA inhibitors were also transfected into 9L cells. Then, the cells were harvested and lysed for luciferase assay 24 h after transfection.
Isolation of total RNA and real-time RT-PCR
For miRNA analysis, cells were lysed in Qiazol reagent and total RNA was isolated using the miRNeasy Mini kit (Qiagen). miRNA was reverse transcribed with the miRNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA) and amplified with TaqMan miRNA assay (Applied Biosystems), which is specific for mature miRNA sequences. For analysis of mRNA, RNA was reverse transcribed with M-MLV reverse transcriptase (Invitrogen), and amplified by SYBR Green reporter (Applied Biosystems) using custom primers (Invitrogen). Analysis of gene expression was carried out by the 2-ΔΔCt method [22] .
RT2 Profiler PCR Array
RT2 Profiler PCR Array was used as a method of combining real-time PCR performance with a simultaneous analysis of a panel of genes using Angiogenesis PCR Array and Tumor Metastasis PCR Array (array PARN-024Z and PARN-028Z) The total RNA was isolated from the cultured 9L gloma cells or cell from LCM using the Rneasy Mini Kit (Qiagen). Preparation and analysis of samples were carried out in accordance with the manufacturer's instruction. cDNA was generated from 1 μg total RNA using the RT2 qPCR Array First Strand Kit in accordance with the manual. The template was combined with RT2 SYBR Green/Fluorescein PCR master mix. Equal amounts of this mixture (25 μl) were added to each well of the RT2 qPCR profiler plate containing the predispensed gene-specific primer sets. Arrays were run on a Vii A7 PCR system (Life Technologies, Carlsbad, California). Threshold cycle values were analyzed using the ΔΔCt method with the aid of an Excel (Microsoft Excel; Microsoft, Redmond, WA). Reverse transcriptase control, cDNA control, and positive PCR control were within the accepted range.
Statistical analysis
In all in vitro studies, three unique experiments were performed employing cells from different transfection experiments. Data are presented as mean and standard error (mean ± SEM). Student's t-test was used for comparing means between two groups. Statistical significance was analyzed by one-way ANOVA in three or more groups using SPSS software. In all experiments, a p-value of 0.05 or less was considered statistically significant.
Results
mRNA profiling
RT2 Profiler PCR Array was used as a method of combining real-time PCR performance with a simultaneous analysis of a panel of genes using Angiogenesis PCR Array and Tumor Metastasis PCR Array. Samples from LCM were analyzed by RT2 Profiler PCR Array. The array experiment was performed in duplicate. A comparison was performed on data to assess the gene expression of tumor tissue and normal tissue ( Table 1 ). The differences in gene expression between tumor tissue and normal tissue were studied. More than fourfold difference was considered significant. Compared to normal tissue, mRNA expression increase in tumor tissue is labeled green, and mRNA expression decrease is labeled red in table 1.
To overcome hypoxic conditions, tumor cells secrete angiogenic growth factors and invasive factors that enhance neovascularization and invasion [23] . Indeed, hypoxic tumors have been reported to have a predilection for tissue invasion and angiogenesis [24] . Therefore, in addition to testing the gene expression profile of glioma in an animal model directly, in vitro cancer cells cultured in hypoxic condition also provide another tool to investigate changes in the tumor microenvironment. Total RNA samples from cultured 9L cells were analyzed by RT2 Profiler PCR Array. The array experiment was performed in duplicate. A comparison was performed on data to assess the gene expression of hypoxia and normoxia ( Table 2 ). The differences in gene expression between tumor tissue and normal tissue were studied. More than eightfold difference for increased gene and fourfold for decreased gene was considered significant. Compared to normoxia, mRNA expressions increased in hypoxic sample are labeled green and mRNA expression decreases are labeled red in table 2 Each individual assay showed substantial numbers of genes with significantly changed expression. In order to focus on the genes that changed dramatically under different tumor progression circumstances, we reviewed the mRNA expression changes in both the in vivo animal model and the in vitro hypoxia model and selected those genes that changed in both models for further study (Table 3) .
miRNA Profiling
Using the same in vivo 9L rat xenograft tumor model, cells collected by LCM (Fig. 1A) were lysed in Qiazol reagent and total RNA was isolated using the miRNeasy Mini kit (Qiagen). miRNA profile was then detected by LC Science (Houston TX) ( Table 4) . Genes with mRNAs expression that changed in both in vivo tissue and in vitro hypoxia were chosen to predict possible miRNAs that regulate mRNA expression through TargetScan database. miRNA predicted in TargetScan database was then matched with miRNA array results. miRNA levels that changed significantly and that were also predicted in the database to target mRNAs that we observed to be altered were chosen for further study. These criteria were met by two mRNA-miRNA pairs. Our match results show that NRP2 and the predicted miRNA miR-15b and miR-16 exhibited significant change in both in vitro and in vivo studies, and MMP-3 and the predicted miRNA miR-152 changed significantly in both in vitro and in vivo studies. (Table 5) Based on preliminary screening assays, NRP2 and miR-15b as well as MMP-3 and miR-152 were then selected for our detailed study to test whether and how these two miRNAs regulate tumor microenvironment changes and promote tumor angiogenesis and invasion. Primary rat astrocytes and a rat astrocyte cell line were employed to verify the NRP-2 and MMP-3 protein expression. Co-culture of astrocytes with 9L were also tested. Compared to 9L glioma, primary rat astrocytes showed significantly lower NRP-2 and MMP-3 level. Coculture of astrocytes with 9L cells significantly increased NRP-2 and MMP-3 expression in primary rat astrocytes. Rat astrocyte cell line showed the same trend of NRP-2 and MMP-3 expression as in primary rat astrocytes. (Figure 1 C,D) 
miR-15b and miR-152 attenuate expression of NRP-2 and MMP-3 protein by binding to NRP-2 and MMP-3 transcripts, respectively
Luciferase activity assays were employed to further confirm that the expression of NRP-2 can be ascribed to the specific interaction between miR-15b and the binding sites for miR-15b in the 3′-UTR of NRP-2, and the expression of MMP-3 can be ascribed to the specific interaction between mir-152 and the binding sites in the 3′-UTR of MMP-3. Luciferase activities in pMIR-NRP-2 and pMIR-mut-NRP-2 vectors transfected with celmiR-67 were set for control of miR-15b and anti-miR-15b inhibitor; luciferase activities in pMIR-MMP-3 and pMIR-mut-MMP-3 vectors transfected with cel-miR-67 were set for control of miR-152 and anti-miR-152.
Our data show that the miR-15b mimic targets the predicted binding site within the NRP-2 mRNA 3′-UTR, as it decreased the luciferase in 9L cells transfected with a luciferase reporter vector containing the predicted binding site (pMIR-NRP-2) by 44.7±2.6%. AntimiR miRNA inhibitor co-transfected with miR-15b mimic reversed the inhibition of luciferase activity caused by miR-15b. Compared to miR-15b alone, co-transfection of antimiR miRNA inhibitor and miR-15b mimic increased luciferase activity by 75.3±4.8%. Similarly, we determined that the miR-152 mimic targets the predicted binding site within the MMP-3 mRNA 3′-UTR, as it decreased luciferase activity in 9L cells transfected with a luciferase reporter vector containing the predicted binding site (pMIR-MMP-3) by 51.0±3.4%. Anti-miR-152 miRNA inhibitor co-transfected with miR-152 mimic reversed the inhibition of luciferase activity caused by miR-152. Compared to miR-152 transfection, co-transfection of anti-miR miRNA inhibitor and miR-15b mimic increased luciferase activity by 107.1±7.0%. (Figure 1E ) These data show that miR-15b and miR-152 directly bind to their respective predicted binding sites in the NRP-2 and MMP-3.
miR-15b and miR-152 decreased NRP-2 and MMP-3 expression, respectively, and deactivated MEK-ERK pathway in 9L cells
Employing a 'scrambled' cel-mir-67 or miR-15b and miR-152 mimic, Western blot analysis revealed that NRP-2 expression was significantly decreased by miR-15b mimic transfection, and MMP-3 expression was significantly decreased by miR-152 mimic transfection. Cotransfection of miR-15b and miR-152 mimic significantly decreased both MMP-3 and NRP-2 expression. P-MEK1/2 and p-ERK expression was significantly decreased by overexpression of miR-15b or miR-152. However, overexpression of miR-15b or miR-152 did not change mRNA expression of MEK and ERK. (Figure 2) 
miR-15b and miR-152 decreased 9L cell invasiveness
Forty-eight hours after transfection with either miR-15b, miR-152, Cel-miR-67, or anti-miR miRNA inhibitor 9L cells were seeded into the upper chamber of invasion chamber. After 24 hours, cells that invaded through the extracellular matrix were imaged and counted. Compared to Cel-miR-67, miR-15b and miR-152 significantly decreased the number of invaded cells. Anti-miR miRNA inhibitor co-transfected with miRNA mimic reversed the inhibition of invasion caused by miR-15b or miR-152 mimic. Compared to Cel-miR-67 control, miR15b and miR-152 inhibited 9L cell invasion by 49.5±3.7% and 75.8±3.5%, respectively. Combination of miR-15b and miR-152 significantly decreased 9L cell invasion by 78.0±3.8%.
Compared to miR-15b, co-transfection of anti-miR-15b miRNA inhibitor and miR-15b mimic increased invasion by 3.04±0.23 fold. Compared to miR-152, co-transfection of antimiR-152 miRNA inhibitor and miR-152 mimic increased invasion by 2.85±0.12 fold. (Figure 3) 
miR-15b reduces tube formation in cultured endothelial cell and anti-miR-15b inhibitor reversed the inhibition of tube formation caused by miR-15b
The effects of miR-15b and miR-152 mimic transfected 9L glioma cells on MBECs were tested using tube formation assay. Culture medium from miR-15b mimic transfected cells decreased MBECs capillary tube formation by 85.7±7.2% compared to control medium (celmir-67 mimic). Conversely, miR-152 mimic did not change capillary tube formation in MBECs. Cotransfection of miR-15b and miR-152 mimic significantly decreased capillary tube formation by 83.4.9±3.8% when compared to control medium. Compared to control medium, transfection of anti-miR-15b miRNA inhibitor with miR-15b mimic reversed the inhibition of tube formation in MBECs caused by miR-15b mimic. Compared to miR-15b mimic transfection, the tube formation of miR-15b mimic and inhibitor cotransfection increased by 6.24±0.29 fold. Transfection of anti-miR-15b miRNA inhibitor alone slightly increased tube formation. (Figure 4) 
Discussion
The major function of miRNA is to negatively regulate mRNA target genes, and miRNA expression has been found to be deregulated in all human cancers, where miRNAs play critical roles in tumorigenesis, functioning either as tumor suppressors or as oncogenes. [25] Since the identification of miRNAs in 1993, the amount of research into their function--particularly how they contribute to malignancy--has greatly increased. This class of small RNA molecules control gene expression and provide a previously unknown control mechanism for protein synthesis. As such, it is not surprising that miRNAs are now known to play an essential part in malignancy, functioning as tumor suppressors and oncogenes. [26] Inhibition of angiogenesis is emerging as a promising therapy for recurrent and newly diagnosed tumors. However, data from animal studies and clinical practice suggest that inhibiting angiogenesis may promote an invasive phenotype in brain tumor [8; 11; 13] . This may represent an important mechanism of resistance to anti-angiogenic therapies. Combination therapy with anti-angiogenic and novel anti-invasion agents is a promising approach that may produce a synergistic antitumor effect and a survival benefit for patients with these devastating tumors. [27] . By employing in vivo 9L homograft glioma tumor animal model and RT2Profiler PCR Array targeting invasion and angiogenesis, we identified gene expression changes in tumor tissue which may contribute to brain tumor invasion and angiogenesis. Hypoxia is a significant parameter in the progression and treatment-response of glioma. Hypoxia initiates cellular invasive processes which occur under both physiologic and pathologic conditions [28] . In vitro, cancer cells cultured under hypoxic conditions also provide another tool to investigate tumor microenvironment change. Total RNA samples from cell culture under hypoxic conditions were analyzed by RT2 Profiler PCR Array. Invasion and angiogenesis related gene expression changes under hypoxic conditions were obtained. We speculate that genes with mRNA expression changes in both in vivo animal models and in vitro hypoxia models are more likely to contribute to brain tumor progression.
By employing the same in vivo 9L rat homograft tumor model, the miRNA profile was also obtained via miRNA array. Genes with mRNA expression that changed significantly in the mRNA array were selected to predict possible miRNAs that regulate mRNA expression using the TargetScan database, and then matched with microRNA array results. After prediction and comparison, NRP-2 with matching miRNA miR-15b, and MMP-3 with matching miRNA miR152 were selected for further study on how miRNAs regulate tumor microenvironment change and promote glioma angiogenesis and invasion. Our mRNA, protein, and miRNA expression assay verified that the expression level of miRNA-15b and miRNA-152 are negatively correlated to mRNA and protein expression of NRP-2 and MMP-3, respectively. Luciferase activity assay then confirmed that miR-15b and miR-152 attenuate expression of NRP-2 and MMP-3 protein by binding to NRP-2 and MMP-3 transcript, respectively.
We used matrigel invasion assays to assess the ability of the 9L to penetrate the ECM under miRNA treatment. Our data showed that the invasion potential of 9L was significantly decreased by miR-15b and miR-152. In addition, we demonstrate that two miRNAs inhibitors significantly reversed the invasive ability of 9L reduced by miRNAs. MMP-3 and NRP-2 contribute to tumor invasion and metastasis [29; 30; 31] . Our results indicate miRNA-15b and miR-152 decreased brain tumor cell invasion by downregulating NRP-2 and MMP-3 expression.
Angiogenesis is essential for embryo development, tissue repair, inflammatory diseases, and tumor growth and metastasis [32] . Tumor growth and metastasis require angiogenesis when the tumor reaches 1-2 mm in diameter [32; 33] . Tumor angiogenesis can be triggered by extracellular signals such as growth factors and by genetic alterations such as activation of oncogenes. To address the angiogenetic function of miR-15b and miR-152 on brain tumor, we further tested tube formation in cultured endothelial cells with culture supernatant from 9L cells treated with miR-15b, miR-152 and inhibitors. Our results showed miR-15b significantly reduced capillary-like tube formation. This reduced tube formation was reversed by miR-15b inhibition. miR-152 did not significantly affect endothelial cell tube formation. It is now well established that NRP2, first described as a mediator of neuronal guidance, also mediates angiogenesis and tumor progression. NRPs are receptors for the class-3 semaphorin (SEMA) family of axon guidance molecules and also for the vascular endothelial growth factor (VEGF) family of angiogenic factors. VEGF-NRP interactions promote developmental angiogenesis and metastases. [34] . Our data indicate that miR-15b decreases angiogenesis via NRP-2 downregulation.
We further investigated a possible signal pathway involved in the miR-15b and miR-152 regulated brain tumor progression. Our protein expression assay showed NRP-2 and MMP-3 expression was significantly decreased by miR-15b and miR-152, respectively. P-MEK1/2 and P-ERK expression was significantly decreased by overexpression of miR-15b or miR-152. These data suggest that miR-15b and miR-152 inhibit brain tumor invasion and angiogenesis through activation of MEK/ERK pathway.
Our current study investigated the miRNA and gene expression profile of 9L glioma cells. By comparison with the TargetScan database, we predicted that miR-15b and miR-152 regulate glioma angiogenesis and invasion in glioma. In vitro invasion and angiogenesis study were then employed to test the function of miR-15b and miR-152 on glioma progression. Our results support the hypothesis that miR-15b inhibit brain tumor invasion and angiogenesis via NRP-2 , through deactivation of MEK/ERK pathway, and miR-152, inhibit brain tumor invasion via MMP-3 , through deactivation of MEK/ERK pathway. Hence, the development of miR-15b and miR-152 as treatment targets for brain tumor invasion and angiogenesis warrants further study. 
